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Abstract 
Carbon emissions from rural energy combustion have not been successfully addressed in the existing accounting system since 
incomplete data of rural energy consumption and exclusion of emissions from combustion of biofuels in the sectoral or national 
totals to avoid double counting. Presented in this paper were estimations of CO2 emissions from fuel combustions in rural areas 
of China from 1979 to 2007 and analysis of their contributions to national energy related CO2 emissions, to highlight the 
important role rural energy plays in regard to climate change and potential capacity for carbon abatement in rural areas. The 
temporal variations of CO2 emission in rural areas was also analyzed with regard to total emissions, intensity and source structure, 
which could provide a novel perspective to our GHGs reduction strategies and related policy making. The results showed that the 
CO2 emissions in rural China have constantly increased from 8.89 u108 tons in 1979 to 28.74 u108 tons in 2007. Commercial 
energy has become the dominant force of CO2 emissions in rural China, most of which is mainly derived from the consumption 
of coal and electricity. The proportion of carbon emissions from rural areas to nationwide underwent an inverted U-curve trend if 
biomass energy was ignored, with a peak at 47.40% in 2000. The situation becomes absolutely different when considering about 
biomass. For a long time (from 1979 to 2001), rural energy related carbon emissions has maintained a greatly high proportion in 
total carbon emissions with a fluctuations between 45.13% and 56.31%. The proportion of carbon emission in rural areas has 
declined since 2002, but still up 40.99% in 2007.  
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Nomenclature 
C total carbon emissions 
mi  consumption of various energy resources 
iG  denotes the emission factors of corresponding energy 
Cb                CO2 emissions emitted from biogas 
Cw              CO2 emissions emitted from firewood 
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Cs                CO2 emissions from straw utilization 
B            the consumption of biogas 
W           the consumption of firewood  
S            the consumption of straw 
1. Introduction 
The energy consumption in rural areas of China deserves more attention paid to them from several viewpoints, 
due to its relations with energy demand and supply, land degradation, social behavior and lifestyle changes, and 
GHGs reduction strategy [1]. Due to large population size, high proportion of coal and biomass energy and low 
utilization efficiency, the overall CO2 emissions resulted from rural energy consumption are high in China. 
Rural energy is not a traditional concept of energy catalogue but a geographical definition as in the developing 
world and it particularly refers to demand and supply of energy for agricultural productions, rural enterprises and 
rural residents in rural area, which involves commercial energy, such as coal, oil, gas and electricity, and traditional 
or modern renewable energy [2]. Due to its subsidiary position in Chinese overall development strategy, the energy 
issues in rural areas of China have not been fully considered for a long time, which leads to a negative influence on 
commercial energy supply and consumption in rural areas [3]. At the same time, rural energy related carbon 
emissions have not been successfully addressed in the existing accounting system since parts of rural energy as coal 
produced in small coal mines was not included in the china energy statistical yearbook, which is an essential data 
base for national greenhouse gas inventory [4]. In addition, biomass utilization is excluded from the calculation of 
sectoral or national totals to avoid double accounting, because they are accounted for when computing carbon 
emissions due to land use [5]. Furthermore, there is no consensus on the carbon emissions caused by biomass energy 
use in academia. Regarding carbon emission from biomass energy, some researchers believed that bio-energy should 
not be treated as carbon neutral [6,7]. The potential of biomass to reduce CO2 emissions depends on the source of 
bio-energy and its net land effects. Only biomass whose growth and harvesting capture carbon above and beyond 
what would be sequestered anyway can be seen as carbon neutral. However, carbon emission from biomass 
combustion should be estimated for inclusion as an information item in the Energy sectors. 
It is worthwhile to note that there are some research works concerning the GHGs emissions as well as other air 
pollutants discharge derived from rural energy combustion [8-10]. For instance, Wang and Feng figured out that the 
emissions of SO2, NOx and CO2 caused by biomass use were 22.9Mt, 43.3Mt and 585.5Mt respectively in China 
rural areas of 2000[11]. However, it is still unclear about the quantity of carbon emissions in rural areas of China 
and the real contribution of rural energy related carbon emissions to those of nationwide so far. 
In contrast to the national greenhouse gas emission inventories formulated by Intergovernmental Panel on 
Climate Change (IPCC), this paper mainly focused on CO2 emissions from energy combustion in rural areas of 
China, of which the bio-energy related CO2 emissions was estimated and reported. The major aims of this paper are 
to illustrate the historical variances of rural energy related CO2 emissions as well as their sources, and to highlight 
the importance of rural energy in determining the carbon profiles of the nation. There are no such estimations 
available as of now. This helps illustrate how important rural areas in China are for key on going national concerns 
such as energy security, climate change mitigation, and the target of reducing carbon intensity by 40-45% by the 
year 2020, compared with 2005. 
2. Data and Methods  
2.1. Data 
It is very important to note that the overall statistical system of China consists of governmental statistics and 
sectoral statistics. The sectoral statistics principally serve for governmental statistics, but it is a relatively 
independent statistical system and possesses statistical data of related aspects. In fact, the data on rural energy in 
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China are mainly associated with the State Statistics Bureau (SSB, representing governmental statistics) and 
Ministry of Agriculture (MOA, belonging to sectoral statistics). These two departments catch different aspects of 
information through different channels. MOA mainly possesses data of renewable energy such as straws, biogas and 
small hydropower, through its hierarchical energy offices in provinces, counties and even in towns, while SSB 
gathers residential data through rural household survey conducted annually by its branch—China Rural Socio-
Economic Division (CRSED) and data reported by sectoral sources. 
The data owned by MOA from the early years of 1970s, are very simple, mainly associated with biogas projects. 
Since 1991, MOA began to compile and report statistics for China’s rural energy combining data from SSB and 
other sources with its own, i.e., it is impossible to obtain a relatively comprehensive time series of statistical data 
before 1991. Nevertheless, the data of particular years such as 1979, 1980, 1985, and 1990 are still available by 
national survey or by cooperation of different departments to compile the data for given purposes [3]. We try to 
collect as much available data as possible to give a holistic picture and a preliminary assessment from these 
available data sources. Most of the data are from the Science, Technology and Education Division of MOA (from 
1991 to 2007), who is responsible for rural energy statistics and various reports (particularly before 1991).  
In order to know the contribution of energy related carbon emissions from rural areas to those of nationwide, an 
estimation of national carbon emissions was made in corresponding years. The general data for estimation of 
national carbon emissions from energy consumption were obtained from China Energy Statistical Yearbook. It is 
also worthwhile to note that both the rural energy data and national energy data were associated with the 31 
provinces, autonomous regions, and municipalities of mainland China (due to certain constrains, data from China's 
Hong Kong, Macao, and Taiwan are not available). 
2.2. Accounting Methodology  
The estimation method in this study is based on the 2006 IPCC Guidelines for National Greenhouse Gas 
Inventories prepared by the National Greenhouse Gas Inventories Programme Change [12], i.e.: 
¦ u 
i
iimC G                                                    (1)
Where C is the total carbon emissions, im  the consumption of various energy resources (converted into standard 
coal equivalent), and iG  denotes the emission factors of corresponding energy. We have collected some coefficient 
of various energy resources from the previous literatures. By comparison, we decided to choose the average of 
various energy related carbon emission factors as the final one. The result is shown in Table 11. 
Table 1 Coefficient of carbon emissions of different energy 
Data sources 
Emission factor 
of coal 
(t/103kgce) 
Emission factor 
of oil 
(t/103kgce) 
Emission factor of 
natural gas 
(t/103kgce) 
Emission factor 
of coke 
(t/103kgce) 
Emission factor of 
electricity 
(t/103kgce) 
DOE/ EIA [13] 0.70 0.48 0.39 —— —— 
Institute of Energy Economics in 
Japan [13] 0.76 0.59 0.45 —— —— 
State Science and Technology 
Project on Climate Change [13] 0.73 0.58 0.41 —— —— 
Xu et al [14] 0.75 0.58 0.44 —— —— 
2009 China Sustainable 
Development Report [15] —— —— —— 0.11 2.21 
Average 0.73 0.56 0.42 0.11 2.21 
Abbreviations. DOE/EIA: Department of Energy/Energy Information Administration. 
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The currently authoritative formulas for calculating CO2 emitted from biomass combustion are proposed by 
Wang [16], as showed in equations (2) to (4): 
x Biogas (the main component of which is methane): 
12/44)/,factoremission Carbon (3.15)10/, valueCalorific(209.0 34 uuu TJtmTJBCb     (2) 
x Firewood:                                                                   
12/44)rateoxidation Carbon %(87)factorCarbon %(45C uuu Ww                 (3) 
x Straw:      
  12/44)rateoxidation Carbon %(85)factorCarbon %(40 uuu SCs                (4) 
Where Cb is CO2 emissions from biogas and B denotes the consumption of biogas, whose units are ton and 
4 310 m  respectively, Cw and Cs denote CO2 emitted from firewood and straw utilization; W and S denote 
consumption of firewood and straw respectively; the unit of the four parameters is ton. 
In the estimation of carbon emission from fuel combustion of whole nation, biomass use was included as a 
supplement of total emissions, while other missed parts in rural area was neglected due to the unavailable data. 
Nevertheless, previous results with respect to China total carbon emission were incorporated for comparison [13,14, 
17,18]. 
3. Results and Discussion 
3.1. General trends of rural carbon emissions 
Our analysis is initiated by briefly reviewing the overall trends in CO2 emission from fuel combustion in rural 
areas of China based on the estimation. See Fig.1, the total rural energy related CO2 emissions in rural China have 
increased significantly from 8.89 u 108 tons in 1979 to 28.74u 108tons in 2007, with an annual growth of 4.28%. 
Correspondingly, the per capita carbon emissions have increased at a steady growth rate of 4.59% from 1.12 tons in 
1979 to 3.95 tons in 2007. 
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Fig. 1 Total and per capita CO2 emissions in rural China from 1979 to 2007 
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The rural energy related carbon emissions illustrated a trend of stable increase during the concerned period on the 
whole, except with a sudden decrease during 1998 to 1999. We compared the trends of rural energy consumption 
and CO2 emitted from its use by drawing a scatter (see Fig. 2). The result showed a proportional increase occurred 
between the energy consumption and carbon emissions and the correlation coefficient between them reached 0.99. 
The highly relevance between rural energy consumption and carbon emissions may be greatly attributed to rapid 
growth of low efficiency energy use without much structural change [19,20]. For example, the proportion of coal 
and biomass are more than 70% of the total rural energy consumption even in 2007 [3]. 
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Fig. 2 The scatter of rural energy consumption and CO2 emissions 
Fig. 3 shows the emission proportions distributed to production use and residential use in rural China. Carbon 
emissions in rural China were mainly from fuel combustion for livelihood, although its proportion has declined from 
79.43% in 1979 to 53.15% in 2007. This may be attributed to a relatively low level of agricultural mechanization 
and industrialization and a large percentage of more traditional and inefficient energy sources used for livelihood. 
However, the absolute amount of CO2 emitted by household energy use has increased from 7.06 u 108tons to 15.28 
u 108tons throughout the years of study.  
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Fig. 3 Proportions of CO2 emissions from livelihood and production in rural China from 1979 to 2007 
3.2. Structural changes in rural carbon emissions 
Rural China has experienced a transition from traditional non-commercial energy to modern commercial energy 
during concerned period [3], which leads to an increase of commercial energy related carbon emission from 2.94 u 
108tons to 20.36 u 108tons. In 1979, as presented in Fig. 4, the proportion of CO2 emission in rural areas by coal use 
was 17.58%, by oil was 3.28% and by electricity was 12.18%, but the structure changed to coal 37.58%, oil 5.66% 
and electricity 23.98%, with annual growth rates of 7.15%, 6.33% and 6.83% respectively. Although the proportion 
of biomass as energy carrier has decreased constantly from 70.79% to 30.95%, CO2 emission from combustion of 
biomass still accounts for 29.14% in 2007, for most biomass is used inefficiently by direct combustion [21]. 
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However, coal and electricity are the major forces of carbon emissions from commercial energy use in rural China, 
accounting for more than 86.87% of the total commercial energy related carbon emissions in rural China in 2007. 
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Fig. 4 CO2 emissions structure by energy types in rural China from 1979 to 2007 
3.3. The contribution of rural areas to the national carbon emissions in China 
As mentioned above, a new estimation of CO2 emission associated with fuel combustion in whole China was 
made, which included the parts of biomass energy. The existing accounting results in regard to China related CO2 
emission did not contain any information about carbon release from combustion of biofuels, since the accounting 
framework recommended by IPCC for assessing compliance with carbon limits in the Kyoto Protocol and climate 
legislation was mostly adopted. 
As shown by Table 2, our results of CO2 emission with regard to national energy consumption (without 
considering those from biomass) are much in accordance with the available figures. The little difference may be 
resulted from the diverse data sources and various emission factors.  
Table 2 Comparison of energy related CO2 emissions estimations in China (108t) 
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Year Our study(108t) Xu et 
al.,2006(108t)[14] 
Hu et 
al.,2008(108t)[13] 
IEA(Sectoral 
approach)(108t)[17] 
IEA(Reference 
approach)(108t)[17] 
USEPA(108t) 
[18] 
1979 13.74      
1980 14.53  14.85 14.05 14.89 14.60 
1984 17.54     17.39 
1985 18.56  18.96 17.05 17.95 18.74 
1987 21.03     21.21 
1990 23.88 24.45 24.38 22.11 23.71 22.93 
1991 25.17  25.59   24.01 
1992 26.43  26.63   24.75 
1993 27.94  28.39   26.41 
1994 29.46  29.96   28.56 
1995 31.35 32.14 32.09 29.86 29.58 29.03 
1996 33.39 34.19 33.90   29.37 
1997 32.66 33.39 33.54   31.33 
1998 30.99 31.76 31.69   30.29 
1999 31.47 31.16 31.50   29.92 
2000 32.30 31.00 33.07 30.38 30.55 29.67 
2001 32.92 31.72 33.84   31.08 
2002 34.92 34.86 35.76   34.41 
2003 40.80 40.72 41.95   40.17 
2004 47.23 46.94 48.22 45.46 46.57 48.47 
2005 52.34  53.12 50.58 51.26 54.29 
2006 57.35   56.04 56.78 60.18 
2007 61.74   60.28 60.39  
Abbreviations. IEA: International Energy Agency; USEPA: United States Environmental Protection Agency. 
The results illustrate a big difference occurs whether or not computing the CO2 emitted from biomass combustion. 
The CO2 emissions in the whole country were 13.74 u 108tons in 1979 and 61.74 u 108tons in 2007 if biomass 
resulting carbon emissions was not involved, while the results became to 19.69 u 108tons and 70.11 u 108tons 
respectively when including those from biomass use. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5 The proportions of rural total emissions to national total emissions with (b) or without considering the contributions of biomass energy 
from 1979 to 2007 
If the contribution of consumption of biomass energy was excluded, i.e., only commercial energies were 
considered, as showed in Fig 5(a), the proportions of CO2 emissions from rural areas to nationwide ranged from 
0
20
40
60
80
100
1979 1981 1983 1985 1987 1989 1991 1993 1995 1997 1999 2001 2003 2005 2007
E
+
8 
to
n
s
0.00%
20.00%
40.00%
60.00%
80.00%
100.00%
National total emissions including biomass
Rural total Emissions including biomass
Proportion of rural totals to national totals 
0
20
40
60
80
1979 1981 1983 1985 1987 1989 1991 1993 1995 1997 1999 2001 2003 2005 2007
E
+
8 
to
n
s
0.00%
10.00%
20.00%
30.00%
40.00%
50.00%
60.00%
70.00%
National total emissions without considering biomass
Rural total emissions without considering biomass
Proportions of rural totals to national totals a 
b 
 L.X. Zhang et al. / Procedia Environmental Sciences 2 (2010) 980–989 987
20% to 30% and underwent an inverted U-curve trend, with a peak at 47.40% in 2000. Therefore, it is very obvious 
that carbon emissions derived from rural energy consumption have large share of national carbon emission account, 
even if some commercial energy parts were still missing and contribution from biomass energy is not included. 
When biomass was incorporated into the accounting system, as shown in Fig 5(b), the proportions seemed to 
maintain a relative stale level with a fluctuation between 45.13% and 56.31%. Nevertheless, whether considering the 
contribution of biomass energy or not, the proportion of rural share with regard to carbon emission illustrated the 
trends of decrease since the very beginning of this century. It is because of the increase rate of rural energy 
consumption lag behind that of whole nation, rather than the effect of adjustment of rural energy structure, though it 
was attributed to improved commercial energy efficiency in rural areas or a more rapid growth of commercial 
energy related carbon emissions in urban areas [22].  
4. Concluding Remarks  
An estimation of CO2 emissions with regard to rural energy in China was made in this paper, with an aim to 
know the variances and contributions of this sector to national account. The CO2 emissions in rural China have 
constantly increased from 8.89 u 108tons in 1979 to 28.74 u 108tons in 2007. Along with the transition in rural area, 
the commercial energy related carbon emission in rural China has rapidly increased, the proportion of which reached 
70.86% in 2007. Commercial energy has become the dominant force of carbon emissions in rural China, in which 
coal and electricity are the major forces of energy related carbon emissions in rural China. In addition, biomass 
energy has a high carbon emission coefficient, for most biomass is used inefficiently by direct combustion. Biomass 
energy used to be the dominant force of carbon emissions in rural areas, whereas its percentage in rural carbon 
emissions decreased to 29.14% in 2007. 
For a long time (from 1979 to 2001), rural energy related CO2 emissions has maintained a greatly high proportion 
in national total emissions with a fluctuations between 45.13% and 56.31%, if the contribution of biomass energy 
was involved. Whether considering the contribution of biomass energy or not, however, the proportion of rural share 
with regard to carbon emission illustrated the trends of decrease since the very beginning of this century (though still 
up to 40.99% in 2007). 
Environmental issues in rural areas have been ignored for a long time compared to those of urban areas, which 
can be demonstrated by the missing of energy-saving and emission reduction activities in rural areas. Through this 
study, we have known the historical variation of CO2 emissions from rural energy consumption and its proportion in 
the whole country. It can be concluded from this analysis that the consumption of rural energy is an important 
source for GHGs and the efficiency increase of which is also an important route to GHGs reduction. Given the high 
emission factors of coal and low efficiency of biomass utilization, there is considerable remaining room for 
improvement. More attention should be paid on rural energy consumption and environmental issues relevance to it.  
Generally, three approaches can be used to control carbon emissions, i.e., cutting down energy consumption, 
adjusting the energy structure and improving energy efficiency. For rural China, reducing energy consumption was 
contradictory to the development of rural areas, and energy structure may be restricted to the poor economic level, 
the resource availability and other socio-economic factors [23-25]. Therefore, increasing rural energy efficiency 
seems the first choice to satisfy the goals of both energy supply and CO2 emissions reduction. In addition to 
improving efficiency of energy technologies, addressing the points of fuel switching from biomass to modern energy 
sources, i.e., high grade energy, which reduces emission due to higher efficiencies and low emission factors, was 
also advocated mostly among the available studies associated with GHGs abatement.  
However, some questions associated with how to tangibly ensure rural energy security, improve energy system, 
cope with carbon reduction in rural China still remain unclear. Take biomass as an example, biomass can be 
converted into high-quality energy with solid, liquid or gas forms by modern technologies. However, the 
transformation processes may not be clean from the perspective of carbon footprint, because some carbon based 
energy, such as oil and electricity, are needed in the processes [26]. Yang et al. use a cumulative method to identify 
the renewability of the total corn-ethanol production in China and find the production process is highly 
nonrenewable [27]. A systemic evaluation method should be established to ensure biomass conversion process is 
economic, efficient and clean. Therefore, we must be cautious about the transformation of energy sources with 
respect to CO2 emissions, since additional high quality energy was need to finish certain process.  
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Notes 1: This study hypothesizes CO2 emission factor of LPG is equal to that of natural gas. It is also assumed that the percentage of thermal 
power in rural areas is the same as that of the whole country for easy calculation, though some renewable power project as small hydroelectric 
power and wind power are important component of rural electricity supply. 
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